Paleolatitudes of sites on the Pacific Plate are poorly constrained for times before the Late Cretaceous, so Cenomanian to early Campanian-early Maastrichtian pelagic and volcaniclastic sediments from Hole 869B gave us the opportunity to obtain Pacific paleomagnetic data for this period. We analyzed azimuthally unoriented samples and calculated a mean inclination and paleolatitude. In addition, we attempted to reorient samples using magnetically oriented formation microscanner (FMS) wireline logs. Inclination values displayed a distinct dichotomy, with means of-23.2 (95% confidence limits: 19.9°, 25.7°; N = 69) and-33.3° (95% confidence limits: 31.1°, 35.0°; N=60), implying paleolatitudes of 12.1 °S and 18.2°S, respectively. The steeper inclination agrees with other Pacific paleomagnetic data and implies that Site 869 was near the southern limits of the tropics during Cenomanian time. The smaller value seems to result from an inclination-shallowing bias common to many consolidated sediments drilled from the Pacific. Although this bias may be related to sediment texture, the clearest division of inclination groups was made along lithologic unit boundaries. Units that gave seemingly reliable inclinations consist of thicker volcaniclastic turbidites apparently laid down more rapidly than those that gave shallow inclinations. Owing to various difficulties, we were able to reliably orient only eight segments of core by comparison with the FMS log. These gave paleodeclinations that ranged from -38.1° to 30.8°, with a standard deviation of 22.8°. We used a maximum-likelihood technique to estimate a paleomagnetic pole using these declinations and the steeper mean inclination. The pole is located at 60.8°N, 347.3°E and has a 95% confidence ellipse with major and minor semiaxes of 21.2° and 4.9°, the former trending 93°. Biostratigraphy indicates a Cenomanian age for sediments used to determine the pole and a basalt clast from the section gave an 40 Ar-39 Ar radiometric age of 96.6 ±0.8 Ma. This pole is located along the Late Cretaceous Pacific apparent polar wander path, consistent with other paleomagnetic data of similar age. Hole 869B samples had mostly normal-polarity magnetizations, but most in Cores 143-869B-22R to -26R showed reversed polarities. Although the inclination data suggest two reversed polarity zones, we argue that these represent only one, specifically Chron 33R, and that the apparent division is a result of a magnetic field excursion, previously recognized at nearby Site 462.
INTRODUCTION
Paleomagnetic data from Cretaceous samples, drilled from the seafloor, are important for understanding the tectonics of the Pacific Plate. Paleomagnetic data of Jurassic and Early Cretaceous age suggest that the plate drifted southward (Larson and Lowrie, 1975; Cox and Gordon, 1984; Sager, 1992; Steiner and Wallick, 1992; Larson et al., 1992) , whereas Late Cretaceous and Tertiary data show that it subsequently drifted northward (Francheteau et al., 1970; Gordon, 1983; Sager and Pringle, 1988) . In between, the plate turned around at equatorial latitudes (Lancelot and Larson, 1975; Steiner and Wallick, 1992; Larson et al., 1992) ; however, details of the turnabout are unclear owing to the scarcity of paleomagnetic and tectonic data for this period.
Hole 869B penetrated a thick section of Cretaceous clays and volcaniclastic sediments on the distal archipelagic apron of a Marshall Islands island/guyot pair. Most of the section is either Cenomanian or Campanian in age ( Fig. 1 ; Sager, Winterer, Firth, et al., 1993) , periods having few drill core paleomagnetic data (Sager and Pringle, 1988) , so we seized the opportunity to augment this data set. Furthermore, the acquisition of formation microscanner (FMS) logs from this hole allowed us to attempt the orientation of features in the cores, so that paleomagnetic declination could be calculated, a rarity for samples obtained by rotary drilling. The results from Hole 869B provided both promise and problems. The problems arose from apparent shallowing of inclinations from some units, a bias common with sediments drilled from the deep sea (Gordon, 1990; Tarduno, 1990) , and conditions that made it difficult to obtain a large number of reliable, azimuthally oriented samples. Nevertheless, it was possible to determine apparently reliable paleolatitude and paleodeclination, albeit with large uncertainty for the latter. In addition, it was also possible to compare paleoinclination data from different sedimentary units and sediment types to gain insights about the problem of inclination-shallowing.
Geologic Setting
Hole 869B was drilled at a depth of 4827 m in the basin near the atoll/guyot pair, Pikinni Atoll and Wodejebato Guyot, in the central Marshall Islands. The site is located approximately 75 km southwest of the Pikinni-Wodejebato pair, at a location approximately equidistant from each and supposedly on the edifice's distal archipelagic apron, where sediments shed by both might have been deposited.
Pikinni-Wodejebato is one of many volcanic edifices in the Marshall Islands Province. These seamounts sit on seafloor of Jurassic age (Nakanishi et al., 1992) , but were probably formed during the mid-Cretaceous by widespread volcanism (Schlanger et al., 1981; Tarduno et al., 1991; Larson, 1991) . Before Ocean Drilling Program (ODP) Legs 143 and 144, it was thought that most of the volcanism on Pikinni-Wodejebato occurred before or during Albian time, but drilling showed evidence of significant Cenomanian and Campanian activity (Sager, Winterer, Firth, et al, 1993; Premoli Silva, Haggerty, Rack, et al., 1993) .
A thick succession of volcaniclastic sediments was drilled at Site 869, and the supposition is that these came from the atoll/guyot pair because in seismic reflection profiles the sedimentary layers show a shallow slope (< 1 °) upward toward the edifice (Sager, Winterer, Firth, et al., 1993) . Because some of the volcaniclastics are coarse-grained breccias, grain flows, and mass slides, uncertainty exists about whether all of the volcanics came from as far away as the atoll/guyot Figure 1 . Lithologic column for Hole 869B, which cored the Cretaceous section at Site 869. Core numbers, biostratigraphic ages, and lithologic units and subunits are shown at left. Lithology is shown at right (modified from Sager, Winterer, Firth, et al., 1993). edifice. It is possible that some of the coarser elastics might have originated from smaller, nearby seamounts, but for the purposes of our study, the distinction is not important.
Hole 869B
Hole 869B was drilled with a rotary core barrel (RCB) and penetrated to a depth of 796.2 mbsf (Fig. 1) . After passing through 207.7 m of Tertiary variably clayey nannofossil ooze, with Porcellanite and chert layers in the early Tertiary section, the drill cored volcaniclastic sedimentary rocks interbedded with claystones in the 588.5 m below (Fig. 1) . The volcanic-rich sections range in age from early Maastrichtian to Cenomanian, ages based primarily on calcareous nannofossils, with some constraints from pelagic foraminifers (Sager, Winterer, Firth, et al., 1993 ). An additional age datum is an 40 Ar-39 Ar radiometric date of 96.6 ± 0.8 Ma from a basalt clast recovered from the Cenomanian section, Core 143-869B-41R, at a depth of 523.6 m (Pringle and Duncan, this volume).
The Cretaceous sedimentary section was classified by shipboard stratigraphers as a single sedimentary unit containing seven subunits, based on changes in the style of deposition and mix of sedimentary components (Sager, Winterer, Firth, et al., 1993, p. 313) . The background sediments appear to have been deep-sea clays of mostly pelagic origin, whose deposition was interrupted by the introduction of varying amounts of volcaniclastic material that ranged in size from silt to basalt blocks 80 cm in diameter.
In the uppermost approximately 250 m of the Cretaceous section, the sedimentary beds have small thicknesses, typically millimeters to centimeters, and shallow dips of a few degrees or less (see figs. 16-17, p. 314 , and fig. 22, p. 317 in Sager, Winterer, Firth, et al., 1993) . These sediments range in age from Santonian-Turonian to early Maastrichtian, but most are early Campanian age, owing to an abundance of volcanism during that stage (Sager, Winterer, Firth, et al., 1993) . They comprise sedimentary Subunits IIIA, IIIB, and part of UIC, which consist of volcaniclastic siltstone to sandstone with radiolarian claystone and calcareous nannofossil-rich interbeds.
Subunits UID, HIE, and IIIF were deposited rapidly during the middle to late Cenomanian owing to a massive influx of volcanic detritus. In contrast to the post-Cenomanian sediments, these are characterized by thick volcaniclastic turbidites, grain flows, and mass-flow deposits. Meter-scale layers are typical, but Subunit UID contains breccia layers tens of meters thick. An outstanding feature of these units is the occurrence of occasional contacts where coarse volcaniclastics, typically a breccia at the base of a turbidite, overlie fine-grained volcaniclastic sediments or claystone (see fig. 25 , p. 323 in Sager, Winterer, Firth, et al., 1993) . These contacts are clearly erosive, and many display significant slopes (>5°).
Subunit IIIG occurs in the bottom 15 m of the hole. Although also of Cenomanian age, it shows a style of deposition similar to Subunits IIIA and IIIB and consists mainly of siltstone, claystone, and calcareous claystone. This unit probably indicates a period of slower sedimentation before the rapid influx of volcanic products located immediately above.
Rates of deposition for the Cretaceous sediments are difficult to determine because diagnostic microfossils were scarce and because the sedimentation was obviously episodic owing to turbidity currents and mass flows. Conservative estimates for the Campanian and Cenomanian sections are 15 to 30 and 60 m/m.y., respectively. The latter value is particularly suspect, owing to the resolution limits of Cretaceous biostratigraphy and uncertainties in Cenomanian biostratigraphic boundaries; the mean sedimentation rate may have been 300 m/m.y. or greater (Sager, Winterer, Firth, et al., 1993) .
METHODS

Magnetic Measurements
Virtually all sediments from Hole 869B were lithified, so sampling was done either by drilling a 2.5-cm-diameter minicore, 2.0 to 2.5 cm in length, perpendicular to the split face of the core, or by sawing a 2.5-cm cube. Both types of samples were oriented with a mark to indicate the upward direction and have volumes of 10 to 12 cm 3 . About 10% were measured aboard the ship with the 2G pass-through cryogenic magnetometer, but the rest were measured with a CTF discretesample magnetometer within a shielded room. In all, 165 samples were analyzed for this study. Because the cores were obtained by rotary drilling, the samples have no consistent azimuthal orientation. However, in many cores, long pieces of continuous core were recovered, and these should give internally consistent magnetic declinations.
About a dozen samples were examined by measuring their acquisition of an isothermal remanent magnetization (IRM) in high magnetic fields. The IRMs were imparted using a pulse-magnetizer, which creates a high field for a short period (about 2 ms) by passing a surge of current through a coil. The IRM acquisition behavior is one way of determining whether a sample contains low or high coercivity magnetic grains (e.g., McElhinny, 1973) , a factor to be considered when choosing a method to extract the geologically significant magnetization direction.
To isolate the characteristic remanent magnetization (ChRM), that is, the paleomagnetic field direction acquired at the time the sediments were laid down, the samples were treated to stepwise demagnetization procedures. At first, both alternating field (AF) and thermal demagnetization methods were tried, but the latter seemed to give better results, thus it was used on most samples (76%). All samples were treated to detailed stepwise demagnetization experiments, with most being demagnetized in 10 to 15 steps up to 60 to 80 mT or 500°t o 600°C. A small percentage were treated to shorter demagnetization sequences, of approximately six steps, when sufficient numbers of adjacent samples had been analyzed to determine optimal demagnetization steps.
Paleomagnetic inclination and declination values were determined by principal component analysis, fitting a line anchored to the origin through the demagnetization steps thought to represent the ChRM (Kirschvink, 1980) . The average number of measurements used to determine the ChRM direction was six (Appendix). A maximum angular deviation (MAD) value was determined for each line fit; this angle is akin to angular standard deviation (Kirschvink, 1980) and can be used to judge the reliability of the ChRM direction. In this study, we observed that samples having MAD angles of less than about 2° to 3° are typically well-determined, whereas those having angles in excess of about 6° to 8° are of least reliability.
Orientation
Because no working tool exists for orienting rotary-core samples during drilling, we tried two post-drilling methods of reorienting samples to geographic coordinates. First, we performed detailed demagnetization sequences on many of the samples, measuring many steps at low AF fields or temperatures, in an effort to define the directions of magnetic overprints. Although it has been possible to reorient sample ChRM declinations using the overprint direction, assuming the overprint to be a recent, Brunhes Chron, normal polarity overprint that points to north (Shibuya et al., 1991) , we found this method to be ineffectual because for the samples in this study, the overprint directions did not appear consistent.
Our second method was to attempt the reorientation of inclined features recognized in both the FMS logs and in the cores. These methods have been described elsewhere (MacLeod et al., 1992; MacLeod et al, 1994; Sager et al., 1994) , so we do not discuss them in detail here. The idea is that the dip and dip directions of inclined features cut by the borehole can be imaged by the FMS, a resistivitymeasuring tool having centimeter-scale resolution. The FMS uses a three-component magnetometer for orientation purposes, so the logs can be oriented relative to geographic coordinates. We looked for distinctive features that appeared in the FMS log that could be reasonably identified in the cores. These were typically breccia-base contacts, coarse layers, or steeply dipping beds. Using proprietary Schlumberger software that fits a sinusoid to planar features cut by the borehole, the dips and dip directions of these features were calculated (e.g., MacLeod et al., 1994) . In the cores, dips and dip directions (in core coordinates) were determined from direct measurement , and a correction was applied to the paleomagnetic declinations of samples from contiguous parts of the core. This amounts to a rotation of the sample direction around a vertical axis. Because sedimentary features in Hole 869B were thought not to have been tilted, we made no structural corrections for the dips of the features. Typically, we analyzed two to four samples per feature, depending on the size of the contiguous core pieces.
Paleomagnetic Directions
From ChRM directions, we determined two types of means: mean inclination (and paleolatitude) using no decimation data, and paleomagnetic poles, using FMS-oriented paleodeclinations. Inclinationonly data have an inherent bias that shallows the mean because a twodimensional distribution of poles, having circular symmetry, maps asymmetrically into a one-dimensional distribution (Briden and Ward, 1966; McFadden and Reid, 1982; Cox and Gordon, 1984) . We used the biascorrection method of McFadden and Reid (1982) to calculate mean inclinations and their 95% confidence limits, as well as Fisherian precision parameter (k) estimates. Because the bias-correction is latitudedependent, this method produces slightly asymmetric confidence limits.
To calculate a mean paleomagnetic pole from azimuthally oriented samples, we first calculated virtual geomagnetic poles (VGP) from the ChRM directions from individual samples. We then combined the VGPs for samples from the same oriented core piece, since they are not independently oriented, and calculated a mean for each oriented piece using Fisher (1953) statistics. To estimate the mean pole position and its error limits, we used the maximum likelihood technique of Gordon and Cox (1980) because this method allows the combination of inclination-only and declination data. Furthermore, the method weights each measurement inversely by its errors and propagates the errors to determine a 95% confidence ellipse. Because few oriented pieces were available to work with, we analyzed inclination and declination separately, as the former could be defined with many more samples. This also allowed us to estimate the standard error associated with the orientation, so that it could be factored into the determination of pole location and confidence region.
For an estimate of the azimuthal orientation error, we followed the procedure of Sager et al. (1994) and used the standard deviation of the oriented-piece declination means and subtracted the within-core-piece error, assumed to be represented on average by the standard deviation of piece-mean inclinations. This gave an average azimuthal orientation error that was added to the circular standard deviation for each oriented piece (the Fisherian α 63 ) to derive a declination uncertainty. For inclination uncertainties, we assumed no orientation error and simply used α 63 (see Sager et al., 1994) . Because the uncertainty in two-dimensional (poles) and one-dimensional (inclination and decimation) data, obtained from the same set of directions, are not equivalent, we corrected the inclination and declination error estimates to reflect our shift from two dimensions to one (Demarest, 1983) .
RESULTS
Magnetic Properties
Most samples gave apparently reliable magnetic directions (Appendix). Of 165 samples, only 14 were magnetically unstable. Natural remanent magnetization (NRM) intensities were high for sediments and varied more than two and a half orders of magnitude, from 0.065 to 3.701 Am" 1 (Appendix). The strong NRM intensities evidently are the result of the abundant volcanic material contained in these sediments, and differences in magnitude likely reflect variations in the concentration of volcanic grains.
IRM acquisition curves ( Fig. 2) showed rapid saturation in fields of less than 200 to 300 mT, a signature of titanomagnetite (e.g., McElhinny, 1973) , implying that grains of this type are the principal magnetic carriers. On orthogonal vector plots, most samples displayed segments of apparent univectorial decay toward the origin, indicating that ChRM directions had been extracted (Fig. 3) . The finer-grained samples, claystones and siltstones, typically gave more consistent directions and smaller MAD values than their coarsergrained counterparts, sandstones and siltstones ( Fig. 3 ; Appendix). The amount and direction of overprint on each sample was variable, with some samples having little or none (Fig. 3 , Samples 143-869B-36R-3, 49-51 cm and -57R-3, 37-39 cm) and some having large overprints (Fig. 3 , Samples 143-869B-15R-2, 148-150 cm, -25R-3, 24-26 cm, and -39R-1-, 123-125 cm). In addition, overprints were inconsistent in direction. Notably, two overprints often found in ODP cores, a Brunhes age normal polarity overprint and a vertical overprint caused by the drill string, were not significant in our samples.
Paleoinclinations and Paleolatitude
Most ChRM inclinations were negative (Appendix), and given age constraints, we assumed that these represent magnetizations acquired during or near the end of the Cretaceous Quiet Period at a site south of the equator. Samples in Cores 143-869B-22R to -26R and Section 143-869B-52R-2 gave mostly positive inclinations. We interpreted the former as a reversed polarity magnetic zone (see "Magnetic Polarity Stratigraphy") and the latter as a sedimentary disturbance (see "Discussion"). Four samples gave isolated positive inclinations (Appendix), probably owing to core pieces being inverted during handling.
Histograms of inclination absolute values show a large range from 1.2° to 72.1°, with most values being between about 20° and 40°( Appendix and Fig. 4) . A plot of inclination vs. depth showed a remarkable dichotomy of the inclinations by sedimentary units, with samples from Subunits IIIA, IIIB, UIC, and IIIG giving an average about 10° less than those from Subunits UID, HIE, and IIIF (Fig. 5) . Each Inclination histogram constructed using this division showed a more peaked distribution, implying that the whole-population histogram contains two overlapping distributions (Fig. 4) .
We divided the inclinations into two groups, based on lithologic subunit similarities, and calculated separate mean inclinations for Subunits IIIA through UIC, Subunit IIIG, and Subunits UID through IIIF. The former yielded a mean of-23.2°, with upper and lower 95% confidence limits of 19.9° and 25.7°, respectively (N= 69; k = 31). This corresponds to a paleolatitude of 12.1°S with confidence limits of 10.3° and 13.5°. Subunits UID through IIIF yielded a mean inclination of-33.3°, with 95% confidence limits of 31.1° and 35.0° (N= 60, k = 76), implying a paleolatitude of 18.2°S and confidence limits of 16.8°a nd 19.3°. The 88-Ma paleomagnetic pole for the Pacific Plate (Sager and Pringle, 1988 ) implies a paleolatitude of 21.4°S ±2.2° for Site 869, which is consistent with the result from Subunits UID through IIIF, but not with that given by the other subunits (Fig. 6 ).
Magnetic Polarity Stratigraphy
Consistent positive paleoinclinations were found only in Cores 143-869B-22R to -26R, drilled from the lower Campanian part of Subunit IIIA, and from Section 143-869B-52R-2 of Cenomanian age (Subunit HIE). Magnetic polarity zones were difficult to delineate in the Campanian section because of low recovery, because the cores typically contained small pieces that could become inverted during drilling or handling, and because many samples gave unreliable results (Appendix).
The top of a reversed polarity zone occurs at or near the top of Core 143-869B-22R. Although several samples gave apparently unreliable positive inclinations in Cores 143-869B-19R and -20R, Core 143-869B-22R appears to contain a switch from normal to reversed polarity (Fig. 7) . Sample 143-869B-22R, 115-117 cm, gave an apparently reliable negative inclination, as did the two samples above it from Core 143-869B-20R. Directly below this, three of four samples in Core 143-869B-22R gave positive inclinations, implying reversed polarity. The single negative-inclination sample yielded a MAD of 8.0°, suggesting that this inclination may not be reliable. Thus, we prefer an interpretation in which most of the material from Core 143-869B-22R is reversely polarized, except perhaps at the very top. If the uppermost sample from Core 143-869B-22R is not inverted, then the top of the reversal is within the core; otherwise, it occurs between this core and the one above.
All of the samples measured from Cores 143-869B-25R and -26R are reversely polarized (Appendix), but whether the reversal in Core 143-869B-22R extends down to this level is uncertain, as is the location of the bottom of this reversed-polarity zone. Two of three samples in Core 143-869B-23R appear to be normally polarized, but the third, which appears to be reversely polarized, has a ChRM defined with only three points and with a large MAD (6.3°; Appendix). Consequently, it seems that Core 143-869B-23R contains normally polarized material separating the reversed-polarity interval into two sections. The bottom of the lower reversed-polarity zone is illdefined because of poor recovery in Cores 143-869B-27R to -30R. Sample 143-869B-27R-1, 62-64 cm is the only one from 28.9 m of cored section and it gave a negative inclination, implying normal polarity. Samples in Core 143-869B-30R and below give normal, negative inclinations (Fig. 7) . We interpret the bottom of the reversedpolarity zone to be between Cores 143-869B-26R and -27R, on the basis of the one sample in the latter and because the bottom of Subunit IIIA occurs at the same depth (Sager, Winterer, Firth, et al., 1993) and implies a change in sedimentation that could contain a time gap.
Deeper in the hole, in the Cenomanian section, a zone exists within Section 143-869B-52R-2 that also contains positive inclinations (Appendix). It was discovered because this section contains the contact at the base of a breccia layer, which was identified in the FMS log, so we sampled the claystones just below it to attempt to reorient them. The five samples in this section all give positive inclinations (Appendix), but unfortunately, the corrected declinations were near 270°, so we could not confirm the polarity by their values. For reasons discussed below, we think that the positive inclinations resulted from disturbance owing to the deposition of the breccia. 
Azimuthally Oriented Paleomagnetic Pole
In all, only 15 features suitable for orientation were correlated from FMS log to core. These consisted of seven dipping brecciaclaystone contacts, five individual beds, and three zones of steeply dipping sandstone beds. Of these, we rejected the results from seven features as unreliable because they did not give reasonable declination values (i.e., within ±90° of north). Values outside this range were considered to be unreliable because we know that Cretaceous paleomagnetic poles for the Pacific Plate are located in the North Atlantic (Sager and Pringle, 1988) , so the expected declination is near zero. Apparently reliable declination corrections were given by eight features: three contacts, two individual layers, and three sections of core in which steeply dipping sandstone layers could be matched with similar dips in the FMS logs (Table 1) . Of the seven features that gave unreliable declination corrections, four were breccia/claystone contacts. In the next section, we will argue that such breccias may be the cause of unreliable magnetic directions in underlying sediments.
Each of the eight oriented features (Table 1 ) was used to correct the declinations of two to four individual samples ( Table 2 ). The VGPs calculated from the means of these samples are scattered mainly in a direction nearly perpendicular to a great circle that connects the site and the north pole (Fig. 8) . This is a result of the uncertainty inherent in the azimuthal orientations of the core features. The mean declinations of the sample groups ranged from -38.1° to 30.8° and had variable precisions, with α 63 values from 2.0° to 63.5° (  Table 2 ). The standard deviation of declinations was 22.8° and that for inclinations was 4.3°, so we calculated an orientation standard error of 22.4° (see Sager et al., 1994) . Using this value, the estimated declination standard errors ranged from 22.6° to 51.4°, depending on the precision of each mean direction (Table 2) .
Using a maximum-likelihood method (Gordon and Cox, 1980) , we calculated a mean pole location of 60.8°N, 347.3°E with a 95% confidence ellipse having major and minor semi axis lengths of 21.2°a nd 4.9°, respectively, with the former oriented 93° clockwise from north (Fig. 8) . This pole lies near the mid-to Late Cretaceous part of the Pacific apparent polar wander path, but has a large uncertainty along the polar path owing to the uncertainty in declination observations. Data "importance" values (Gordon and Cox, 1980) from the pole calculation showed that the co-latitude calculated from sample inclinations constrains the pole location entirely in one dimension (distance from site to pole), as expected. Most of the declination values constrain 10% to 15% of the other direction (pole azimuth), except for the feature C declination which has a low importance (3%) because of its large standard error. A reduced % 2 statistic derived from the misfits of the pole and observational data had a value of 0.7, falling between 95% confidence limits (0.31, 2.0) for a % 2 variable with seven degrees of freedom. This indicates that the error values used for the data (and propagated into confidence limits) are consistent with the observed data scatter (Gordon and Cox, 1980) .
DISCUSSION
Reliability of Magnetic Directions
Most of the samples examined in this study gave demagnetization sequences that implied that stable ChRM directions had been isolated. This is evident in the generally low MAD values for most samples (Appendix). The 14 samples that did not yield stable directions were 143-869B-36R-3, 49-51 cm Notes: Type = type of feature with B = bedding (more than one layer), C = contact at base of volcaniclastic layer and L = single layer; Dip = dip angle of feature below horizontal (in degrees). FMS log dip, dir. = dip and downdip direction of feature in FMS log, relative to geographic north (in degrees). Core dip, dir. = downdip direction of feature relative to core coordinates, positive clockwise from direction perpendicular to the split face (in degrees). Decl. corr. = declination correction (degrees), defined as FMS feature dip direction minus core feature dip direction. This value is added to sample declination to correct it to geographic coordinates.
143-869B-15R-2, 148-150 cm coarse-grained sandstones or coarser volcaniclastics (Appendix). Such sediments may contain large, unstable magnetic grains or they may contain grains, such as basalt clasts in the breccias, that have magnetizations that are randomized by the process of deposition. Claystones and siltstones, in contrast, almost always gave demagnetization sequences having little scatter (Fig. 3) , implying that the directions are reliably determined.
Nevertheless, the population of paleoinclinations showed two distinct means, -23.2° and -33.3°, the former value being significantly different from the -38.1° that is inferred from the 88-Ma Pacific paleomagnetic pole (Fig. 6 ). This shallow inclination cannot be explained by polar wander, because early Late Cretaceous polar motion would have caused a change in declination only (Sager and Pringle, 1988) . Instead, it appears that the shallower inclination is biased. Similar shallow inclinations have been noted in other Pacific drill-core paleomagnetic data (Gordon, 1990; Tarduno, 1990; Steiner and Wallick, 1992) , particularly in older, consolidated sediments. The reasons for inclination-shallowing are poorly understood, but grain-rotation during compaction is a widely accepted explanation. The magnetic grains may be elongated so that vertical shortening during compaction causes them to rotate toward the horizontal (King, 1955; Blow and Hamilton, 1978) , or small magnetic grains may adhere to clay particles that have been rotated toward the horizontal (Anson and Kodama, 1987) .
Deciphering the mechanism of inclination-shallowing is beyond the scope of this study; nevertheless, our data give some interesting clues. Age does not seem to be the controlling factor because shallowed inclinations were found in sediments of both Cenomanian (Subunit IIIG) and post-Cenomanian (Subunits IIIA-IIIC) age. Furthermore, the shallowing does not appear to be a function of burial depth because the shallowed inclinations were found at the bottom as well as the top of the hole, with apparently unshallowed inclinations between (Fig. 5) . Because the sedimentary units that gave shallow inclinations are rich in claystones and those that gave apparently reliable inclinations are mostly siltstones, sandstones, and coarser volcaniclastics, it could be argued that lithology, in particular the presence of clay, is a prime factor. However, inclination histograms based on sediment type did not divide the samples as neatly into inclination groups, as did a simple division based on lithologic unit boundaries. This may be due in part to the fact that the Site 869 sediments are often poorly sorted; indeed, many samples classified, for example, as "sandstone" contain a significant fraction of clay as well. Thus, general sediment type does not seem to be the dominant factor constraining shallowing. Although it is not obvious why it would give rise to a difference in inclination bias, the greatest difference between the sediments having apparently shallowed inclinations and those with unshallowed inclinations seems to be sedimentation rate and style. The Cenomanian sediments, except those of Subunit IIIG, were deposited much more rapidly than the post-Cenomanian sediments. Furthermore, the post-Cenomanian sediments were deposited as thin turbidites, whereas the Cenomanian sediments (except Subunit IIIG) were deposited as thick turbidites. Results using the FMS to provide azimuthal orientation for pieces of core were disappointing as the standard deviation of reoriented declinations was 22.8°. Consequently, the paleomagnetic pole calculated from these values has a large uncertainty in the direction constrained by declination (Fig. 8) . Several problems led to difficulties when determining orientation corrections. Few features had dips sufficiently steep for reliable orientation (>5°, MacLeod et al., 1994) , and dipping features did not have consistent directions; thus, features had to be correlated from log to core on a 1:1 basis. Few such features could be found, and some were poorly preserved. As a consequence, we found only about 15 pieces of core that we could attempt to orient. Some of these features gave orientation corrections that obviously were flawed. We think this arose from two problems, both a consequence of the fact that many of these features are erosional contacts between breccia units and underlying claystones. First, although they appear planar in the logs, many contacts showed small-scale irregularities that made it difficult to obtain a reliable measurement of the orientation within the cores. Second, magnetic directions in claystones directly beneath thick breccia units sometimes seemed to be more scattered than elsewhere, implying some sort of sediment disturbance. A notable example is an apparent reversal of inclinations in Section 143-869B-52R-2. This section and the next are contiguous, except at the section break (see photo in Sager, Winterer, Firth, et al., 1993, p. 669) . A breccia-base contact occurs at a depth of 50 cm in Section 143-869B-52R-2, and samples below the contact in the remainder of the section give positive inclinations with a wide scatter from 2.1° to 44.1° (Appendix).
Because it is thought that no reversals occurred in the Cenomanian (Tarduno et al., 1992) and because the inclinations are scattered, but return to more normal behavior in Section 143-869B-52R-3, it seems most likely that the deposition of the breccia, over 6-m thick, not only eroded some sediment to produce the dipping contact but also dis- Sager, Winterer, Firth, et al., 1993) are plotted on the right side of the column. turbed the sediments in the meter beneath the contact. The manner of disturbance is unclear because no obvious mechanical disruption of these sediments was observed in the core. If the disturbance was not mechanical, an alternative hypothesis is that the magnetization of these sediments was not yet locked when the breccia was deposited and the sediments recorded a perturbed magnetic field in proximity to the relatively strongly magnetic breccia.
Paleolatitude and Paleopole
The paleolatitude of 18.2°S (95% confidence limits, 16.8° to 19.2°S), derived from Cenomanian Subunit IIID-IIIF sediments, is consistent with that implied by the 88-Ma Pacific paleomagnetic pole (Fig. 6 ). This particular paleomagnetic pole is constrained almost entirely by inversions of magnetic anomalies over seamounts (Sager and Pringle, 1988) , which may be biased by induced or viscous magnetization (Hildebrand and Staudigel, 1986; Gee et al., 1989; . Because all of the seamounts used for this pole are normally polarized, such a bias would lead to an "inclination-shallowing" sim- Figure 6 . Comparison of paleocolatitudes, calculated from mean sample inclinations, with the Pacific apparent polar wander path. The thick arc labeled "A" shows the co-latitude derived from Cenomanian lithologic Subunits UID through IIIF; that labeled "B" shows the co-latitude from post-Cenomanian Subunits IIIA to UIC and Cenomanian Subunit IIIG. The thin arcs on either side of the co-latitude arcs show 95% confidence limits. Solid squares connected by a thin line denote paleomagnetic poles on the Pacific apparent polar wander path. They are encircled by stippled ellipses representing their 95% confidence regions and are labeled by mean age in millions of years. The 105-Ma pole is discussed in Winterer and Sager (this volume); the others are from Sager and Pringle (1988) . The plot is a polar equal area map of the northern Atlantic showing continental outlines for reference. ilar to that which can occur for sediments. The agreement of the seamount with sediment data is encouraging because even though both may be biased by similar amounts, a simpler explanation is that the agreement indicates both have minimal bias. Nevertheless, we should interpret the sediment paleolatitude as a minimum estimate. This paleolatitude implies that the Pikinni-Wodejebato edifice was within the tropics, albeit near the southern limit, during the Cenomanian.
The oriented paleomagnetic pole, located at 60.8°N, 347.3°E has a Cenomanian biostratigraphic age (Fig. 1) and a maximum age of 96.6 ± 0.8 Ma (Pringle and Duncan, this volume) from a radiometrically dated basalt clast. This pole is also consistent with the Late Cretaceous portion of the Pacific apparent polar wander path (Fig. 8) . Because of the great uncertainty in the azimuthal orientation of samples, the 95% confidence ellipse has a long major axis (21.2°) that is aligned along the polar wander path. Unfortunately, this pole does provide much constraint on the longitude of the Cenomanian point on the polar path.
Magnetic Polarity Stratigraphy
It is not surprising that Hole 869B samples are predominantly normally polarized, because the geomagnetic field was in this state during much of the Late Cretaceous, which included the Cretaceous Quiet Period, a period of approximately 35 m.y. that had few magnetic reversals (Harland et al., 1990; Tarduno et al., 1992) . Microfossils indicate that the lower part of Subunit IIIA is Campanian in age, specifically, late early Campanian in Cores 143-869B-18R to -19R and mid-to early Campanian in Cores 143-869B-23R to -28R (J. . At right is a magnetic polarity interpretation; black represents normal polarity and white, reversed polarity. The hatched zone represents a possible magnetic excursion, analogous to that reported from Site 462 (Steiner, 1983) . Mütterlose, pers. coram., 1993) . Thus, the reversed-polarity section is most likely Chron 33R, which occupies the bottom of the Campanian in most geomagnetic polarity reversal time scales (Harland et al., 1990; Cande and Kent, 1992) . If we interpret the upper reversed-polarity section as Chron 32R, the next reversed-polarity interval above Chron 33R, we have a problem. Chron 32R occurred more than 6 m.y. later than Chron 33R and it is considered to be within the lowermost Maastrichtian (Harland et al., 1990) . In Hole 869B, the Maastrichtian-Campanian boundary occurs well above the reversed section, at about the level of Cores 143-869B-8R to -10R (J. Mütterlose, pers. coram., 1993), so it seems unlikely that this is Chron 32R.
The positive inclinations from Core 143-869B-23R, from the upper part of the reversed polarity section interpreted to be Chron 33R, are a problem because in accepted time scales this chron does not contain a normal polarity interval (e.g., Cande and Kent, 1992) . Thus, these positive inclinations probably do not indicate a polarity reversal. On the other hand, similar positive inclinations were observed at about the same level within Chron 33R cored at two holes at Site 462 (Steiner, 1983) , located 420 km to the south, in the Nauru Basin. Because the inclination reversal has not been observed globally, it was suggested that this feature is a magnetic excursion, possibly local in its extent (Steiner, 1983) . Thus, our observation of the same feature implies that our samples provide a reliable inclination record and that the observations at Site 462 were also accurate.
Although several samples in Core 143-869B-52R gave positive inclinations, implying a reversed polarity, we do not think that these samples represent a true magnetic polarity reversal. It is possible that short, undiscovered reversals occurred within the Cenomanian, but none have been found that can be correlated globally (Tarduno et al., 1992) . The observation that these samples are from claystone just below a thick breccia layer and that their inclinations are more scattered than expected for this lithology, lead us to postulate that the apparent reversal is the result of some form of sediment disturbance.
CONCLUSIONS
Almost all samples measured in this study gave negative inclinations, implying normal-polarity magnetizations acquired in the Southern Hemisphere. We found two reversed polarity zones, shown by positive inclinations, in Cores 143-869B-22R and -24R to -26R, but think these represent only one reversed-polarity period, Chron 33R. We cannot interpret the upper reversed zone as the next younger reversal without an unreasonable conflict with the biostratigraphy, so we think that the apparently normal zone in between is the same local "excursion" observed at the equivalent magnetostratigraphic level at nearby Site 462 (Steiner, 1983) . A short, 1-m-long apparent reversedpolarity zone occurs in Section 143-869B-52R-2, but the samples in this interval occur immediately beneath a 6-m thick breccia layer and have inclinations more scattered than expected. We hypothesize that the apparent reversal is a result of the breccia emplacement: either the sediments were mechanically disturbed or the breccia perturbed the magnetic field in its proximity owing to its content of highly magnetic volcanic fragments.
Inclination values from Hole 869B samples fell into two groups, with bias-corrected mean inclinations of -23.2° (95% confidence limits: 19.9°, 25.7°; N -69) and -33.3° (95% confidence limits: 31.1°, 35.0°; N = 60). The steeper inclination is consistent with the 88-Ma Pacific paleomagnetic pole, derived mainly from seamount magnetic anomaly inversions (Sager and Pringle, 1988) . This inclination implies that Site 869 was at 18.2°S (95% confidence limits: 16.8°, 19.2°), near the southern limit of the tropics, during the Cenomanian. The shallower inclination is significantly different and this difference cannot be explained by tectonics or polar wander. Therefore, we conclude that this value is affected by "inclinationshallowing," a bias that seems to be common in Pacific drill-core paleomagnetic data from sediments (Tarduno, 1990) . The clearest division of the samples into the two inclination groups was made along lithologic unit boundaries. Subunits IIIA, IIIB, UIC, and IIIG gave shallow inclinations, whereas Subunits UID, HIE, and IIIF gave steeper inclinations. The main difference between these unit groupings is rate and style of deposition. Shallow inclinations were given by units deposited as thin turbidites, whereas the steeper inclinations were given by units deposited more rapidly as thick turbidites. Lithology may also play a role, because the shallow-inclination units have greater amounts of clays as compared to volcaniclastic silts, sands, and breccias in the other units; however, a division by sediment type did not separate the inclinations into the two groups as neatly.
Owing to difficulties when correlating FMS log and core features, only eight core segments could be azimuthally oriented. These had mean declinations that ranged from -38.1° to 30.8° and a standard deviation of 22.8°. Combining these declinations with the steeper mean inclination, we calculated an azimuthally oriented Cenomanian paleomagnetic pole at 60.8°N, 347.3°E, with a 95% confidence ellipse having major and minor semiaxes of 21.2° and 4.9°, the former trending 93°. This pole is located along the Late Cretaceous portion of the Pacific apparent polar wander path, in agreement with the 88-Ma paleomagnetic pole (Sager and Pringle, 1988) . 45R-3, 64-66 45R-3, 76-78 45R-3, 105-107 45R-3, 110-112 45R-4, 11-13 45R-4, 22-24 45R-4, 27-29 50R-1, 112-114 50R-1, 134-126 53R-3, 110-112 53R-3, 114-116 55R-2, 31-33 55R-2, 38^0 55R-2, 46-48 57R-1, 37-39 57R-1, 42-44 57R-1,72-74 57R-2, 127-129 57R-2,134-136 59R-1, 32-34 59R-1,38^10 Incl.
(°) -30. 6 -31.8 -34.0 -36.0 -34.9 -6.4 -18.0 -12.5 -30.5 -13.7 -16.2 -29.3 4.0 -27.8 -33.2 -34.9 -34.9 -30.9 -22.8 -36.8 -25.2 Decl.
(°) Tables 2 and 3 . Each mean is surrounded by an a^ circle (circular standard deviation); that for feature C is so large that only a portion appears at left. The mean pole, calculated using a maximum likelihood method (Gordon and Cox, 1980) , is shown by the solid triangle and is surrounded by its 95% confidence ellipse (stippled). The Pacific apparent polar wander path is shown by small, open squares that are connected by a dashed line (see Fig. 6 ). Polar equal area projection.
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